ABSTRACT Regional lung density (g lung/ml thoracic volume) and fractional pulmonary blood volume (ml blood/ml thoracic volume) have been measured by positron tomography in 10 patients with interstitial disease. From the measurements regional extravascular lung density (g tissue and interstitial water/ml thoracic volume) was derived, providing a non-invasive measurement of the interstitial reaction. Extravascular lung density was increased and large regional variations were observed. Fractional blood volume was reduced in patients with pulmonary fibrosis. In two patients with sarcoidosis, a reduction in extravascular lung den'sity occurred after treatment with oral prednisone. Abnormalities in extravascular lung density and fractional blood volume correlated with abnormalities shown by tests of overall pulmonary function.
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A technique for quantitative measurement of extravascular lung density (lung tissue and interstitial fluid per unit thoracic volume) and the fractional blood volume in the lung (volume of blood per unit thoracic volume) by means of positron tomography has recently been described. ' The purpose of this study was to evaluate the use of this technique for investigation of interstitial lung disease.
Interstitial diseases are characterised by chronic interstitial inflammation and derangement of alveolar structures.2 While some patients show spontaneous remissions, others progress to pulmonary fibrosis with permanent loss of lung function. Quantitative measurements of the disease process in the lung could be of value for monitoring the effect of treatment and are essental if the relation between the interstitial reaction and pulmonary function is to be clarified.
Methods

PATIENTS
Five patients with sarcoidosis and mild to moderate functional impairment (group 1) were studied. Details of the patients are presented in table 1 . In all five patients a histological diagnosis had been made. Three of the patients were treated with prednisone (20 mg daily) for four to six weeks and subsequently restudied.
Five patients with severe functional impairment (group 2) were also studied. Three had end stage disease, two with fibrosing alveolitis and the other with sarcoidosis. The other two patients in this group had presented with breathlessness. In both patients crackles were found on physical examination and the chest radiographs showed basal nodular shadowing. Patient 9 had chronic hypoxaemia and finger clubbing. A clinical diagnosis of pulmonary fibrosis had been made. Both patients slowly deteriorated during the period of observation.
The study was approved by the research ethics committee of the Royal Postgraduate Medical School, and written informed consent was obtained from each patient.
Regional extravascular density and fractional blood volume of the lung in interstitial disease lung density and fractional blood volume has previously been described in detail,' and is only summarised here. Positron tomography is based on coincidence detection of the pair of y rays originating from the annihilation of a positron. In the instrument we used (ECAT II, EG&G ORTEC), annihilation events are recorded between pairs of detectors placed in a hexagonal array around the supine patient. The information is fed to a computer and subsequently used to reconstruct a transverse plane through the object in a way similar to that used in x ray computed tomography.
Protocol
In each study two measurements were made with the patient in the supine position. The first measurement was made with an external ring source containing a positron emitting isotope (68Ge/IGa) placed between the patient and the array of detectors. The transmission tomogram thus obtained ( fig  1, top left panel) showed the distribution of density in the plane chosen and provided a quantitative measurement of the density of the lung (g lung/ml thoracic volume). Tomograms were obtained at two levels of the chest: one roughly at the sternal insertion of the fourth rib and the other 8-5 cm in the cranial direction.
After this measurement the patient inhaled a quantity of "C carbon monoxide ("CO) The resolution in the reconstructed tomograms is 17 mm (measured as the full width at half maximum of the response to a line source of activity). Owing to the limited resolution, there is a gradual change in the measured density from the chest wall to the lung. This means that it is impossible to identify a distinct border of the lung in the tomogram, and that the peripheral part of the lung is affected by "spillover" from the chest wall (partial volume effect5).
For comparison with the results of lung function tests, extravascular lung density and fractional pulmonary blood volume were averaged over a large proportion of the lung by delineating the right and left lung fields in the caudal plane, a cut off density value of 0-85 g/ml being used to define the edge of the lung. The mean density and fractional blood volume in this volume were related to predicted values obtained from normal subjects.6 Allowance for the partial volume effect was made by taking the size of the lung field into account.
Regional variations in extravascular lung density and fractional blood volume were analysed in two ways. Ventrodorsal (vertical in the supine subject) differences were measured within a 17 mm wide strip through the right lung field in the caudal plane (fig 5, inset) . This strip was divided into 10 sections to account for differences in lung size. Sections 1 and 10 were disregarded because of the influence of the chest wall. Craniocaudal differences were analysed by selecting regions of interest of equal size in the middle of the right lung field at the same gravitational level.
The patients were compared with a reference group of 19 normal subjects (17 men and two women)6 with a mean age of 35 years (range 20-56). Studenf s t test was used for statistical analysis. 
Wollmer, Rhodes, Hughes Results
Results of the lung function tests are presented in table 2. In most patients a reduction in lung volumes and in the transfer factor for carbon monoxide was found. Although there was considerable scatter, impairment of lung function tended to be worse in patients in group 2 than in group 1. 
field, corresponding to the right lower lobe. The increase in density was thus accounted for by abnormalities in the extravascular compartment (lower panel). After treatment with prednisone (30 mg daily) there was a reduction in the radiographic abnormalities (fig 3a) . Fractional blood volume (upper right panel) returned to normal and extravascular lung density (lower panel) was greatly reduced. Major regional abnormalities in fractional blood volume were not seen in any other patient in group 1.
The chest radiograph and illustrative tomograms of lung density, fractional blood volume, and extravascular lung density from a patient in group 2 (No 6) with idiopathic pulmonary fibrosis are shown in figure 4. Lung density (fig 4b, upper left panel) was increased in the patient owing to an increase in extravascular lung density (lower panel). The abnormalities were greatest in the periphery of the lung. Fractional blood volume was reduced and showed an irregular pattern (upper right panel).
CORRELATIONS WITH RESULTS OF PULMONARY FUNCTION TESTS
Mean density and fractional blood volume throughout the lung fields for the caudal plane are presented in table 3. A small but significant increase in lung density was found in the patients in group 1. When the intravascular and extravascular compartments were separated, the increase in lung density could be attributed to an increase in extravascular lung density, whereas fractional blood volume was not significantly different from normal. The ratio between extravascular lung density and fractional blood volume was greatly increased. In the patients in group 2 there was also a small increase in lung density. In this group, fractional blood volume was reduced in addition to the increase in extravascular lung density. The ratio between extravascular lung density and fractional blood volume was also increased.
In relation to the results of pulmonary function tests, significant correlations were found between extravascular lung density and VC (r =-0 56, p< 0.05) as well as FEV, (r =-0-62, p< 005) when data from both groups were considered. The ratio between extravascular lung density and fractional blood volume also correlated with VC (r =-0 56, p< 0.05) and FEV, (r =-0-70, p< 0.01).
No correlation was found between the tomographic measurements and TLCO when data from both groups were considered. In group 1, however, a significant correlation between mean fractional blood volume and TLCO was found (r = 0-73, p< 0.05) when both pretreatment and postWollmer, Rhodes, Hughes (fig 5) . The distribution of extravascular lung density is more uniform in the normal subjects. density, but no commom pattern in the abnormalities could be identified. Three patients had a normal ventrodorsal distribution of fractional blood volume, whereas in the other two blood volume was reduced in the dorsal part of the lung. In one of the latter patients (No 3), the ventrodorsal distribution of blood volume returned to normal after steroid treatment (cf fig 3b) .
In some patients in group 2 lung density was lower than normal in the central part of the lung (fig 6) . Fractional blood volume was reduced at all levels in most patients, and the ventrodorsal gradient was absent. There was a tendency for extravascular lung density to be lower in the central part of the lung than in the outer parts. (Note that the periphery of the lung is omitted from the analysis because of influence from the chest wall.) The analysis of craniocaudal differences in lung density, fractional blood volume, and extravascular lung density also showed large regional variations, but there was no common pattern of abnormalities in any of the groups. Discussion The regional analysis showed the distribution of interstitial abnormalities to be very non-uniform in patients in group 1. This is in keeping with previous radiological findings in patients with sarcoidosis. 7 The patients in group 2 also showed large regional variations in extravascular lung density. The lowest values were often seen in the centre of the lung field, which suggests a peripheral distribution of fibrosis (cf fig 4b) .
Only one patient with sarcoidosis of recent onset (patient 3; figs 2 and 3) showed a substantial reduction in fractional blood volume. This seemed to be confined to the right lower lobe and was reversible after steroid treatment. The reduction of fractional blood volume in this patient may be due to obstruction of hilar vessels by the enlarged hilar lymph nodes, as disease of intraparenchymal vessels is likely to be irreversible.
All patients in group 2 had a reduced fractional blood volume, which may result from structural abnormalities of the pulmonary vasculature. It is well established that capillary blood volume can be reduced in interstitial lung disease, especially in later stages.-" The magnitude of the abnormalities seen in this study suggests that larger vessels as well as capillaries are affected. This is supported by a postmortem arteriographic study '2 showing a reduced number of branches and diffuse narrowing of distal arteries in areas with severe fibrosis.
Histological appearances correlate with reductions in vital capacity in patients with sarcoidosis '3 14 and other interstitial disease.5 Similarly, we found a relatively weak correlation between vital capacity and extravascular lung density. The transfer factor shows significant correlations with histological indices in sarcoidosis, '3 14 16 but not in pulmonary fibrosis '7 or interstitial pneumonia.'5 Correspondingly, fractional blood volume and the ratio between extravascular lung density and fractional blood volume correlated with TLco in patients with sarcoidosis but not in the patients with fibrotic lungs in group 2.
This study shows the feasibility of assessing noninvasively the structural abnormalities in the lung in interstitial disease and of monitoring the effects of treatment. In combination with tomographic techniques for measuring alveolar ventilation '8 or ventilation perfusion ratios,'9 the measurement of extravascular lung density could be useful for studies of the relationship between lung structure and function on a regional basis.
